Abstract. This article presents the characterization of creative clusters on the background of the development of clusters in Poland. The obtained research results are the effect of analysis on thorough inventory of clusters in Poland, which took place with the participation of the author. The description has been made in five basic areas: the number of clusters, year of creation, number and structure of cluster members, employment in clusters, cluster specialization. The tools used in the research were: telephone interviews, e-mail questionnaire and expert assessment.
Introduction
The development of clusters in Poland indicates certain stabilization, both in terms of quantity and scope of their activity. This also applies to clusters of the creative industry. It has long been recognized that industrial clustering benefits businesses by giving them access to skilled staff and shared services, and the opportunity to capture valuable knowledge spillovers. This is equally true of the creative businesses, as exemplified by Hollywood or Silicon
Valley. The aim of the article is to present clusters operating in the creative industry against the background of cluster development in Poland. Cooperation with the Polish Agency for Enterprise Development in the project on cluster inventory in Poland, was of assistance in the discussion on cluster development in Poland. Research has been extended with the results of analyzes conducted among creative clusters as part of the research project Models of knowledge management in networks and clusters of creative industries in Poland and EU countries. It was assumed that in terms of volume, clusters operating in creative industries have an increasing participation in the development of clusters in Poland in general. The article presents in particular: the number of clusters in Poland, the number and structure of cluster On the other hand, we observe the dynamic development of clusters all over the world. The term klaster comes from the English cluster and has emerged in the industrialized economies. Another name for klaster is: agglomeration (geographical, spatial),industrial district, local production system, growth pole, pole of competence, innovative milieu 6 . The concept of clusters is not a new form of business networks. As early as at the beginning of the twentieth century, A. Marshall 7 described the fundamentals of industrial districts, but, in fact, M. Porter's 8 study (1900) initiated the period of a rapid development of the cluster theory 9 , and the attempt to hold an empirical verification of this concept, which is now widely understood as "... a group of subjects from different backgrounds: business, science, self-government and civil society, operating in a specific ecosystem, focused on a specific territory and / or around a specific specialization. The synergy effect is achieved through formal and informal relationships, shaped by the cluster's potential and social capital, which not only describe the way in which the cluster operates, but also emerge and develop on the basis of joint ventures (including innovations), knowledge exchange and competence development 10 .
Considering clusters in terms of entrepreneurship theory is justified by the cooperative theory of the enterprise, which assumes that among a group of institutions and organizations one can distinguish networks of enterprises whose functioning is described by: game theory, business theories as part of cooperative systems or network theories. In the last decade, clus- 6 Maskell P., Kebir 8 Porter M.E.: The Competitive Advantage of Nations. The Free Press, New York 1990. 9 There are several dozen of cluster definitions. Synthetically, there are four concepts of defining the notion of cluster, in line with the networking paradigm that cluster is a group of entities and their relationships: the classical agglomeration refers to the concentration of industry, where the government and the local and regional authorities play an important role; an industrial cluster is a complex of companies concentrated in a specific territory, based on specific sales and purchasing relationships of companies which seek to reduce transaction costs and to improve competitiveness; social network is a "club" model, centered on social bonds and trust, which facilitate cooperation and innovation; the knowledge hub is an "expert model", based on collaboration between research and business units, to create new knowledge and revolutionary innovations. The emergence and development of creative clusters is the key element of a creative society, supporting a knowledge-based economy, and through dynamic development, creative clusters change the economic and social architecture of cities and regions. The appearance of the assumption of entering the age of creativity in the literature of subject has led to the fact that the development of "creative clusters", similarly to previously industrial or economic ones, is regarded as one of the major challenges of a new global economy based on knowledge. It is emphasized that art and culture are key factors that ensure successful economic activity and job creation in the 21st century.
In his monograph, S. Olko, using these assumptions, presented a broad literary study defining creative clusters 16 , concluding that a creative cluster can be regarded in three senses 17 :
 as a group/agglomeration of entities in creative sector distinguished in the industry classification system (e.g. NACE, SIC),
 as a network, that is a group of entities with various relations, especially of interpersonal nature that determine further cooperation  as an organization, that is a network with a specific organizational form. In accordance with the essence of conducting cluster policy, in Poland a cluster might be described as an organization which complies with the requirements given by PARP and is identified by it.
Compared to other types of clusters, creative clusters are characterized by the following key challenges and features, resulting from the specific role of creative clusters 18 :
 increasing the participation of the society in culture, 
Stage I -the number of clusters in Poland
The greatest difficulty with defining the number of clusters in Poland precisely is related to the fact that a cluster is more a phenomenon than an entity. The minimum level of formalization is an agreement or partnership agreement that is concluded for an indefinite period of time, therefore its actual existence cannot be verified. Considering this, the most important action determining the number of clusters should be defining the criteria by which we can determine whether we are dealing with an active (functioning) cluster or not.
Out of the initial number of over 750 records in the base of clusters/cluster initiatives/cooperation connections operating in Poland, 294 clusters and potential clusters have been identified. This population also included inactive clusters, which for various reasons do not continue to operate. These clusters were then verified against five criteria: formalization, specialization, membership differentiation, membership services, and cluster communication.
All criteria were met by 203 clusters, which were subjected to further in-depth research describing cluster activity, available resources and implemented projects. Complete information in this area was provided by 156 clusters.
As a general population -the number of clusters in Poland might be amounted to N1 = 294 clusters, yet it could include clusters that were created but are currently inactive. Therefore, as a general population we should assume the number N2 = 203 verified clusters, which are regarded as active (they meet the 5 basic criteria). The total number of clusters in Poland will be subject to fluctuations in the future. No significant changes in this regard are anticipated and the dominant tendency will be a decrease rather than increase in their numbers. A decline in the total number of active clusters (N2) can be expected, which results from the fact that more clusters limit their activity than new clusters emerge. The number of clusters in voivodeships is uneven, the most active in this respect are voivodeships with a large number of inhabitants as well as industrialized ones. Table 1 presents the number of clusters in voivodeships at different stages of research. Source: own elaboration based on inventory results.
Among the voivodeships that have the biggest impact on the population of clusters (N1, N2 and n), the first three are: Silesian, Mazovian and Lower Silesian or Wielkopolskie voivodeship. It can be observed that in 2015, the number of clusters being created was much lower than in previous years. According to the premises of European cluster policy resulting from the past observation of existing clusters in Europe, increase in the number of clusters is not necessary, but clusters of higher quality are needed 20 . Introduced actions resulting from the adopted clustering policy in Poland assume greater focus on key initiatives in the country and regions, which in consequence will lead to a reduction in the number of clusters 21 . Creative Clusters Against the Background of the Development of the Clusters in Poland 51 Fig. 3 . presents the number of created clusters in ascending order since 2004 for the broadest defined general population (N1 = 294 clusters). It must be emphasized that in this group we discuss clusters which have emerged, however not existing yet. In most cases, when we deal with partnership agreement or agreement constituting the cluster, 'dissolution of cluster' is not anticipated. This causes significant problems with defining the status of certain cluster existence, which can be based on the coordinator declarations or activities verification in a cluster. It should once again be stressed that precise determination of the number of clusters is difficult due to the process nature of this phenomenon. This primarily results from the requirements in operational programs before cluster projects. These requirements determined in particular the "minimum" organizational form (agreement, contract) and the minimum number of members. It was important for pragmatically-oriented project promoters to meet the minimum requirements. Figure 4 shows an increase in the number of clusters among the confirmed clusters (n). We are dealing with a set of clusters that exist, i.e. they demonstrate basic activity and services for their members. Similarly to the N1 general population, the time when the biggest number of clusters emerged was the year 2011. The increase in the number of clusters in individual years is fairly even. The number of clusters confirmed n = 156 is slightly higher from the one we can find comparable to the number of clusters on the Innovation Portal's cluster map, which amounts to 134 22 . The difference caused by the limitation of cluster activity in the first place, ultimately leads to a situation in which the cluster exists only on paper or on the Internet. 22 At 
Stage I -The number and structure of entities in clusters
While specifying the number of entities in clusters, emphasis was given to the number of declared subjects and not those indicated in the analysis of local clusters. Research has shown that in Poland the dominant type are small clusters (up to 20 members in total), amounting to 42. The analysis of the number of clusters, which is the primary measure of cluster size, indicates that the median of the number of members within the analyzed N1 group, is 29. The largest clusters in Poland in terms of number of members is the Baltic Group sEaNERGIA with 311 members, coordinated by Sea Development company in Kołobrzeg. In terms of turnover, the largest cluster is the Aviation Valley, which is also impressive in terms of the number in relation to other clusters in Poland -95 members.
A large number of small clusters in Poland owes its origins to cluster policy, which has supported small consortium projects. Taking action for a large number of members is both cumbersome and due to the complexity of action network in a cluster, highly labor-intensive. Only some clusters in their strategy take the risk of increasing the number of members, in spite of the conditions being created. We must also be aware of the fact that, even in relatively large clusters (ie more than 50 members), the exchange of functional knowledge useful for entrepreneurs is limited to several entities. A similar numerical structure occurs in the group of verified and validated clusters, ie those that meet all the verification criteria and participated in all stages of the research. Despite the differences in relation to the N1 population analyzed, the descriptive statistics are very similar, the median number of subjects in the sample n is 33 and the average is 42 (see Figure 5) . According to the premises behind the concept of triple helix innovative environments, including clusters, should integrate representatives from three backgrounds: business, science and administration. The adopted research assumptions took into consideration the following entities: enterprises (including micro enterprises, small enterprises, medium-sized enterprises, large enterprises), business environment institutions mostly representing administration and scientific units. Figure 6 shows the structure of entities in clusters on a sample of clusters with validated data. It is an overall structure of entities, that is, taking into account the number of all entities declared by the clusters. As expected, the largest group are enterprises (more than ¾ of entities are enterprises). Among enterprises the largest group are micro-enterprises (37%), then small enterprises (21%), medium-sized enterprises (14%) and large companies (6%). Business environment institutions constitute 5% of the structure of the entities, scientific units are 9%, and other entities 8%. It should be noted that there may have been situations in which the same scientific units are present in several clusters, which is quite common among large scientific units, whereas very rare in the case of enterprises. Table 2 shows detailed statistical characteristics of entities in the cluster, taking into account the descriptive statistics of the main groups of entities forming the cluster. Minimal values in subgroups are usually equal to 0, only for the total number of enterprises the minimum is 4, similarly in the case of business environment institutions, the minimum is 1. This means that each cluster in the analyzed group has at least 4 enterprises and at least 1 institution from the business environment. The maximum value for companies does not exceed 146, an interesting fact is the high value of participation of scientific entities -18 entities (Mazovian Cluster of Chemistry) and the business environment institutions -16 in the case of the Lublin Cluster of Business Environment Institutions. The number of other entities in the cluster is small (median is 1 and average value 4) -usually these are local government units, associations and other non-commercial institutions. 
Stage I -Employment in clusters
Information on the structure of employment in cluster entities are not standardly gathered by cluster coordinators. Complete data on employment were provided by 73 coordinators, while 86 supplied information about employment in enterprises -cluster members. A summary statement of this data is shown in Table 3 . Table 3 Employment in entities belonging to clusters Source: own elaboration based on inventory results.
In comparison to the structure of entities in the cluster (see Figure 7) , the structure of employment in the different types of entities is the opposite: microenterprises, which are dominant in clusters, account for only 1% of total employment in clusters. On the other hand, research institutions, small in number in relation to the number of enterprises, in terms of employment constitute the largest group of entities in clusters. This is best illustrated in Figure 7 . Total employment in enterprises that are members of clusters is smaller than in other entities belonging to clusters. Business environment institutions, that play a very important role in clusters as coordinators or providing specialized proinnovation services, have a low position with 1% in terms of employment structure. Other entities, whose role is complementary (local government units, social organizations) have a relatively high proportion in the employment structure. The structure of employment in clusters does not reflect the structure of involvement of entities in cluster activity, which is best visible in large institutions (enterprises, universities, local government units), which involve a small number of employees in cluster activity. For these reasons, the employment rate in cluster entities should be considered as complementary. 
Stage I -Cluster specialization
Cluster specializations most often refer to the sectors in which they operate, with the sector most often understood in the context of the value chain (aviation, motorization) or technology (nanotechnologies, ICT). Figure 8 shows grouped cluster specializations. The majority of clusters occur in the broadly understood ICT sector -22 clusters. According to currently existing Polish Classification of Activities (PKD), the ICT sector -Information and Communication Technologies is defined as: an economic sector encompassing enterprises, whose main type of activity is production of goods and services allowing for electronic recording, processing, transmitting, retrieval or display of information. This sector covers 22 classes of activity in the production area (6 classes) and services including sales (2 classes), telecommunication services (4 classes) and IT services (10 classes) 23 . The clusterobservatory portal within the ICT sector distinguishes the IT sector, which mainly includes production (3 classes of activity) and software activities (3 classes of activity) 24 . Similarly varied is the nature of ICT clusters in Poland. Specializing in metalworking, involving clusters operating in the sectors of foundry, welding, plastics processing and other specialist areas rank second place in terms of the number of clusters (21 clusters). This group does not include motor and aviation clusters that have well defined own sectors.
Clusters are also very common in the construction sector (16 clusters), in which a specific subgroup is energy-saving, passive and intelligent construction. It is a very well-defined sector with many complementary areas and many thematic areas (materials, design, building control, RES technologies for the building industry). There is some difficulty in separating the 23 S. Olko: Przegląd istniejących/działających klastrów ICT w województwie śląskim oraz analiza ich potencjału https://obserwatoriumict.pl/site/assets/files/1393/klastry.pdf. 24 Cluster Observatory -Sectors, http://www.clusterobservatory.eu/, access: 12.11.2015.
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Other entities 9% specialization of construction and power industry because in the case of energy clusters, which associate suppliers of building solutions, some part of issues and entities of these clusters complies with those in building clusters. Tourism as a specialization of clusters is relatively well identifiable -it is represented by 14 clusters, including traditional tourism related to the place (tourism, leisure, cultural tourism), as well as medical tourism and resort and spa tourism. Energetics as a specialization of clusters primarily includes renewable energy technologies (RES). 14 clusters in the analyzed group specialize in this area. In many cases this specialization is in line with the smart specializations of the regions. In practice, clusters of commercial power generation do not occur in Poland. Energy cluster members offer solutions for individual and institutional construction. As mentioned before, there is a common part of the specialization of construction and energy. Medicine is a specialization represented by 12 identified clusters. This is a vital specialization of many regions in Poland as well as National Smart Specialization. That is why the mechanisms of cooperation of entities within this specialization are of such importance.
Business services constitute a specialization grouping 9 clusters in Poland, yet the range of these services is varied in particular clusters. This specialization is definitely not related to any technological area. The food industry, which as a sector includes the value chain from cultivation and breeding to processing, storing and distribution of food products, is represented in Poland by 7 clusters located in different regions of Poland.
Aviation as a sector includes the production of airplanes, helicopters and other aircraft and components for their production, as well as aviation service. It is a widely globally spread sector, therefore the Polish manufacturers clusters in this industry are part of global production chains. In Poland, however, we might find entities producing final products: aircraft and helicopters. Producers cooperate with numerous subcontractors, causing the aviation clusters to be interconnected within the production chain. In addition to the largest Polish cluster -the Aviation Valley, which has the status of National Key Cluster, there are also: Wielkopolska Aviation Cluster, Silesian Aviation Cluster, Aircraft Construction and Technology Cluster, Podkarpacie Cooperative Coalition -Light and Ultralight Aviation Cluster.
Stage II -Creative clusters in Poland
The characteristics of cluster specialization revealed the number of creative clusters in Poland. According to the declared specializations, until 2016 in Poland there were 4 creative clusters, including: Cluster of Creative Industries, Krakow Film Cluster, Made in Silesia, Silesian Design Cluster. Brief characteristics of these clusters (according to accepted criteria) are shown in Table 4 . Table 4 Brief description of creative clusters in Poland Silesian Design Cluster are designers, innovative companies, research institutes, non-governmental organizations and universities from the silesian voivodeship. It is a panel of experts, who assist companies in devising and implementing new products and services,and help cities and regions to design public space. Year of creation: 2011
Number of entities: 30
Structure of entities 17 enterprises (over 75% micro enterprises), 5 research units, 4 business institutions, 4 other entities Employment in the cluster: no detailed data (cluster coordinator does not keep such statistics) Made in Silesia Cluster aims to promote creative industries especially in the silesian region. The cluster's assumption is that creative industry is a common field for creativity, culture, economy and technology, which is characterized by the ability to create and spread intellectual capital as well as the possibility to generate profit, new workplaces and expert revenue, while at the same time works for social inclusion, cultural diversity and human development. Unfortunately, since 2016 (after termination of the research) the activity of the cluster has weakened considerably. . table 4 The overaching objective of Creative Industries Cluster is to build a platform of cooperation for companies and institutions related to the creative sector, associating both market practitioners as well as stakeholders, including researchers, enthusiasts and forecasters. The main task of the cluster is to organize joint, authorial, non standard projects, promote technological and organizational solutions and social innovations with a significant impact on the development of local creative sector. Research on clusters, which identified the creative sector as a specialization, showed little contribution to cluster development in Poland overall. It can be hypothesized that cooperation in this sector is not particularly visible and cluster structures are not popular. However, the picture is completely different when we consider the definition of the creative industry from a broader perspective 25 .
Research carried out as part of the project The models of knowledge management in networks and clusters of creative industries in Poland and the EU countries has allowed to establish that in the years 2003-2015 44 clusters and cooperation networks operating in the creative industry emerged 26 . Similarly to other clusters in Poland, many of the established creative clusters are gradually reducing or significantly altering their activity, ceasing to actually be a cluster (e.g. Creativro, BizArt, and Inret). However, the structure of the specialization is much wider, as shown in Figure 9 .
The specializations of creative clusters in Poland are similar to the leading specializations of such clusters in the EU. The ICT sector is dominant among the specializations of creative clusters and other clusters. However, this is a very broadly understood sector, hence the following classes of activities were used for the study: 58.21 Publishing in the field of gaming, 58.29 Publishing in other software activities, 62.01 Software activities, 63.12 Internet portal activities. There are 12 ICT clusters among the creative clusters, followed by clusters representing visual and performing arts (8) . This cannot be disputed, because these activities are closely connected with the culture industry 27 , which is actively developing. Together with the media (TV, Radio, Music, Books) it is the second leading group of clusters in the creative industry. The remaining clusters represent three groups: newspapers and magazines (2 clusters), movies (2 clusters), design (2 clusters) and advertising (1 cluster). The average number of entities operating in these clusters is 42 (it is similar to the average of all studied clusters n, which is 38 entities). The structure of entities is similar to the statistical values of all clusters studied (n = 156). Among enterprises the largest group are microenterprises (35%), then small enterprises (24%), medium-sized enterprises (12%) and large companies (3%). Business environment institutions constitute 7% of the structure of the entities, scientific units are 10%, and other entities 7%. The biggest problem is to determine the level of employment in the creative industry clusters. More than half of the surveyed clusters do not keep this kind of statistics, primarily due to high employment fluctuations resulting from the project organizational structures of cluster members. The study was based on the analysis of five basic pieces of data that identify clusters. The limitation of the research is that it does not assess the degree of clusters' maturity, their effectiveness and continuity of activities or the extent of impact on local or regional development.
The article presents only a part of the research, including basic criteria for an inventory of clusters in Poland, with particular emphasis on creative clusters. It shows primarily the scale 27 Culture industry encompasses all enterprises in the area of culture, art, media operating according to market rules. The work carried out within the framework of the project realized with the PARP was aimed at assessing the standards of cluster management, but the results of the research may allow for a broader discussion concerning, inter alia, the number and scope of joint projects and schemes, the cooperation with R & D, the number and scope of innovative activities, etc. Similar research may concern creative clusters, taking into account and developing the specifics of their specialization.
Summary and conclusions
The dynamic start of cluster development in Poland can be dated to 2004, yet most of them were created in the years 2011-2015. The number and specializations of clusters and the number and structure of entities provides us with basic data on clusters in Poland. The PAED inventory of clusters in 2015 enabled the cluster population to be determined, the number and characteristics of which are derived from the quantity and quality of the information obtained.
The reason for that is, among others, the fact that coordinators do not tend to systematically gather data on cluster members. Many clusters still do not have web pages, or the information presented there is residual or outdated. For all these reasons, not all analyzes could be performed on the whole identified cluster population 28 , and drawing conclusions became limited. Therefore, it was even more difficult to make an inventory of clusters in the creative industry. Combining research conducted by PAED (in which the authors of the article participated) with the research being part of the project The models of knowledge management in networks and clusters of creative industries in Poland and the EU countries allowed for the first relatively complete identification of clusters. However, their inventory, to a large extent carried out by S. Olko, should be dynamic (continuous) primarily in order to verify comparable data, secondly to indicate the development, stabilization and / or concentration of creative clusters, and thirdly to assess their impact on the development of the creative industry.
The conducted research revealed the significant role (quantitatively) of clusters operating in the creative industry against the background of cluster development in Poland. Both the number of clusters and the number of cluster members active in the creative industries account for about 20% of the total population of clusters and entities in the cluster. Obviously, these data are not sufficient to claim the dominant role of the creative industries in cluster development, but based on the assumption that developed European countries put emphasis on the creative sector, also for Poland this industry can be a rapidly growing area of economy. The creative activity of talented and ambitious individuals, based on skills, individual talents and unique knowledge, supported by intellectual law, is becoming a desired value in modern economies. A value that can be supported and developed through cooperation in structures, such as clusters.
